Poly(ADP-ribose) polymerase-1 (PARP-1) is a nuclear enzyme, activated by DNA strand breaks to participate in DNA repair. Overactivation of PARP by cellular insults depletes its substrate NAD ؉ and then ATP, leading to a major energy deficit and cell death. This mechanism appears to be prominent in vascular stroke and other neurodegenerative processes in which PARP gene deletion and PARPinhibiting drugs provide major protection. Cell death associated with PARP-1 overactivation appears to be predominantly necrotic while apoptosis is associated with PARP-1 cleavage, which may conserve energy needed for the apoptotic process. Novel forms of PARP derived from distinct genes and lacking classic DNA-binding domains may have nonnuclear functions, perhaps linked to cellular energy dynamics.
Poly(ADP-ribose) polymerase-1 (PARP-1) is a nuclear enzyme, activated by DNA strand breaks to participate in DNA repair. Overactivation of PARP by cellular insults depletes its substrate NAD
؉ and then ATP, leading to a major energy deficit and cell death. This mechanism appears to be prominent in vascular stroke and other neurodegenerative processes in which PARP gene deletion and PARPinhibiting drugs provide major protection. Cell death associated with PARP-1 overactivation appears to be predominantly necrotic while apoptosis is associated with PARP-1 cleavage, which may conserve energy needed for the apoptotic process. Novel forms of PARP derived from distinct genes and lacking classic DNA-binding domains may have nonnuclear functions, perhaps linked to cellular energy dynamics. © 2000 Academic Press Poly(ADP-ribose) polymerase-1 (PARP-1; EC 2.4.2.30) is a nuclear enzyme selectively activated by DNA strand breaks. PARP-1 catalyzes the successive transfer of ADP-ribose units from its substrate ␤-nicotinamide adenine dinucleotide (NAD ϩ ) to a variety of proteins including PARP-1 itself to produce linear and/or branched homopolymers that were first identified by Chambon and associates (1963) (Fig. 1) . By processes that are not altogether clear, poly(ADP-ribosyl)ation of these proteins facilitates DNA repair, possibly by increasing access of other DNA repair enzymes to their substrates. With massive DNA damage, PARP-1 overactivation can deplete cellular NAD , 1996) . PARP-1 is cleaved by caspases in apoptotic cell death and is used as a marker for apoptosis (Kaufmann et al., 1993; Lazebnik et al., 1994; Nicholson et al., 1995) . Cleavage of PARP-1 may prevent its overactivation, energy depletion, and necrosis by preserving cellular energy that is required for the apoptotic mode of cell death.
MOLECULAR FEATURES OF PARP-1
PARP-1, the major form of PARP and the only known form until quite recently, is a 113-kDa protein predominantly if not exclusively localized to the nucleus of all cells. It possesses three principal domains (Fig. 2) . The NH 2 -terminal 42-kDa portion contains the
